Towards cardiolite-inspired carbon monoxide releasing molecules – Reactivity of d4, d5 rhenium and d6 manganese carb­onyl complexes with isocyanide ligands by Kottelat, Emmanuel et al.
Eur. J. Inorg. Chem. 2015 · ISSN 1099–0682 
 
SUPPORTING INFORMATION 
 
DOI: 10.1002/ejic.201500756 
Title: Towards Cardiolite-Inspired Carbon Monoxide Releasing Molecules – Reactivity of d4, d5 Rhenium and 
d
6
 Manganese Carbonyl Complexes with Isocyanide Ligands 
Author(s): Emmanuel Kottelat, Valentin Chabert, Aurélien Crochet, Katharina M. Fromm, Fabio Zobi* 
 
  
DFT 
 
Starting complex 
Coordinates 
# ReIIIAA-3 freq 
# Created by GaussView 3.09 
# 
 
# 
# 
 
@<TRIPOS>MOLECULE 
Molecule Name 
9 4 
SMALL 
NO_CHARGES 
 
 
@<TRIPOS>ATOM 
1 Re1    -0.0004    -0.0001    -0.1962 Re 
2 Br2    -2.5605     0.0038    -0.7956 Br 
3 Br3    -0.0031    -1.8132     1.7135 Br 
4 Br4     0.0068     1.8163     1.7102 Br 
5 Br5     2.5589    -0.0056    -0.7995 Br 
6 C6     0.0015     1.5282    -1.3701 C 
7 C7    -0.0039    -1.5306    -1.3675 C 
8 O8     0.0023     2.4904    -2.0557 O 
9 O9    -0.0058    -2.4938    -2.0517 O 
@<TRIPOS>BOND 
1 1 6 1 
2 1 7 1 
3 6 8 2 
4 7 9 2 
 
Molecular view 
 
 
 
 
 
 
 
 
 
 
 
IR spectrum 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 ic1 
Coordinates 
# REIAA_L1_CC-4 freq 
# Created by GaussView 3.09 
# 
 
# 
# 
 
@<TRIPOS>MOLECULE 
Molecule Name 
14 10 
SMALL 
NO_CHARGES 
 
 
@<TRIPOS>ATOM 
1 Re1     0.1098    -0.0001     0.4631 Re 
2 C2     0.5828    -1.3606     1.6723 C 
3 C3     0.5842     1.3596     1.6727 C 
4 C4    -1.7359     0.0005     0.9800 C 
5 N5    -2.9196     0.0006     1.2844 N 
6 C6    -4.2347    -0.0001     0.6995 C 
7 H7    -4.3753     0.8866     0.0630 H 
8 H8    -4.3765    -0.8903     0.0680 H 
9 H9    -5.0069     0.0026     1.4819 H 
10 Br10     2.6770    -0.0009    -0.6169 Br 
11 Br11    -0.7527     2.0309    -1.3338 Br 
12 Br12    -0.7540    -2.0295    -1.3348 Br 
13 O13     0.8627    -2.2214     2.4691 O 
14 O14     0.8651     2.2199     2.4698 O 
@<TRIPOS>BOND 
1 1 2 1 
2 1 3 1 
3 1 4 1 
4 2 13 2 
5 3 14 2 
6 4 5 2 
7 5 6 1 
8 6 7 1 
9 6 8 1 
10 6 9 1 
 
Molecular view 
 
 
 
 
 
 
 
  
 
IR spectrum 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
ic2 
Coordinates 
# REIIAA_L1_CC-7 freq 
# Created by GaussView 3.09 
# 
 
# 
# 
 
@<TRIPOS>MOLECULE 
Molecule Name 
14 10 
SMALL 
NO_CHARGES 
 
 
@<TRIPOS>ATOM 
1 Re1     0.0183    -0.0002     0.3380 Re 
2 C2     0.2741    -1.4616     1.5498 C 
3 C3     0.2744     1.4614     1.5495 C 
4 C4    -1.9076     0.0002     0.7715 C 
5 N5    -3.0707     0.0003     1.0270 N 
6 C6    -4.4805     0.0023     1.2022 C 
7 H7    -4.8109     0.9363     1.6747 H 
8 H8    -4.9789    -0.0896     0.2286 H 
9 H9    -4.7932    -0.8398     1.8329 H 
10 Br10     2.7072     0.0001     0.1302 Br 
11 Br11    -0.4487     1.8778    -1.5427 Br 
12 Br12    -0.4500    -1.8781    -1.5424 Br 
13 O13     0.4024    -2.3799     2.2945 O 
14 O14     0.4029     2.3799     2.2939 O 
@<TRIPOS>BOND 
1 1 2 1 
2 1 3 1 
3 1 4 1 
4 2 13 2 
5 3 14 2 
6 4 5 2 
7 5 6 1 
8 6 7 1 
9 6 8 1 
10 6 9 1 
 
Molecular view 
 
 
 
 
 
 IR spectrum 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 ic3 
Coordinates 
# REIIIAA_L1_CC-9 freq 
# Created by GaussView 3.09 
# 
 
# 
# 
 
@<TRIPOS>MOLECULE 
Molecule Name 
14 10 
SMALL 
NO_CHARGES 
 
 
@<TRIPOS>ATOM 
1 Re1     0.0253    -0.0092    -0.1984 Re 
2 C2     0.2766     1.5293    -1.3801 C 
3 C3     0.2367    -1.6310    -1.2713 C 
4 C4    -1.7962    -0.0130    -1.0006 C 
5 N5    -2.8881    -0.0144    -1.4486 N 
6 C6    -4.2286    -0.0071    -1.9493 C 
7 H7    -4.8302    -0.7437    -1.4062 H 
8 H8    -4.6704     0.9866    -1.8207 H 
9 H9    -4.2265    -0.2643    -3.0143 H 
10 Br10     2.6343    -0.0512    -0.5174 Br 
11 Br11    -0.5103    -1.7075     1.6964 Br 
12 Br12    -0.4284     1.8369     1.5777 Br 
13 O13     0.3915     2.4764    -2.0640 O 
14 O14     0.3288    -2.6258    -1.8876 O 
@<TRIPOS>BOND 
1 1 2 1 
2 1 3 1 
3 1 4 1 
4 2 13 2 
5 3 14 2 
6 4 5 3 
7 5 6 1 
8 6 7 1 
9 6 8 1 
10 6 9 1 
 
Molecular view 
 
 
 
 
 
 
 
 
IR spectrum 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
it1 
Coordinates 
# Molecule Name 
# Created by GaussView 3.09 
# 
 
# 
# 
 
@<TRIPOS>MOLECULE 
Molecule Name 
14 10 
SMALL 
NO_CHARGES 
 
 
@<TRIPOS>ATOM 
1 Re1    -0.0189    -0.3809    -0.1594 Re 
2 Br2     2.7688    -0.3374    -0.1425 Br 
3 Br3     0.0138     1.2717     2.1643 Br 
4 Br4    -2.7923    -0.1392    -0.2125 Br 
5 C5    -0.0884    -1.9651     0.9453 C 
6 C6    -0.0362    -1.3895    -1.7203 C 
7 O7    -0.1289    -2.9534     1.6272 O 
8 O8    -0.0476    -2.0413    -2.7493 O 
9 C9     0.0709     1.3880    -1.1344 C 
10 N10     0.1347     2.4560    -1.6756 N 
11 C11     0.2703     3.7978    -2.0962 C 
12 H12     0.8836     4.3687    -1.3828 H 
13 H13     0.7528     3.8560    -3.0840 H 
14 H14    -0.7120     4.2898    -2.1683 H 
@<TRIPOS>BOND 
1 1 5 1 
2 1 6 1 
3 1 9 1 
4 5 7 2 
5 6 8 2 
6 9 10 2 
7 10 11 1 
8 11 12 1 
9 11 13 1 
10 11 14 1 
 
 
Molecular view 
 
 
 
 
 
 
 
 
 
IR spectrum 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
it2 
Coordinates 
# ReIIAA_L1_ct_freq 
# Created by GaussView 3.09 
# 
 
# 
# 
 
@<TRIPOS>MOLECULE 
Molecule Name 
14 10 
SMALL 
NO_CHARGES 
 
 
@<TRIPOS>ATOM 
1 Re1    -0.0045    -0.2982    -0.1063 Re 
2 Br2     2.6607    -0.3049    -0.3668 Br 
3 Br3     0.0036     0.9139     2.2907 Br 
4 Br4    -2.6673    -0.2486    -0.3793 Br 
5 C5    -0.0240    -2.0074     0.8107 C 
6 C6    -0.0089    -1.1664    -1.8337 C 
7 O7    -0.0355    -3.0465     1.3840 O 
8 O8    -0.0114    -1.7087    -2.8906 O 
9 C9     0.0192     1.6051    -0.8406 C 
10 N10     0.0331     2.7308    -1.2170 N 
11 C11     0.0705     4.1087    -1.5623 C 
12 H12     0.6314     4.6720    -0.8061 H 
13 H13     0.5580     4.2478    -2.5354 H 
14 H14    -0.9467     4.5163    -1.6183 H 
@<TRIPOS>BOND 
1 1 5 1 
2 1 6 1 
3 1 9 1 
4 5 7 2 
5 6 8 2 
6 9 10 3 
7 10 11 1 
8 11 12 1 
9 11 13 1 
10 11 14 1 
 
 
Molecular view 
 
 
 
 
 
 
 
 
 
IR spectrum 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
it3 
Coordinates 
# ReIIIAA_L1_ct-6 freq 
# Created by GaussView 3.09 
# 
 
# 
# 
 
@<TRIPOS>MOLECULE 
Molecule Name 
14 11 
SMALL 
NO_CHARGES 
 
 
@<TRIPOS>ATOM 
1 Re1    -0.0011    -0.2243    -0.0391 Re 
2 Br2     2.5403    -0.3079    -0.5638 Br 
3 Br3     0.0008     0.4941     2.4160 Br 
4 Br4    -2.5428    -0.2891    -0.5654 Br 
5 C5    -0.0078    -2.0811     0.5659 C 
6 C6    -0.0025    -0.7563    -1.9682 C 
7 O7    -0.0115    -3.1904     0.9517 O 
8 O8    -0.0033    -1.0685    -3.0972 O 
9 C9     0.0068     1.7810    -0.4860 C 
10 N10     0.0114     2.9397    -0.7070 N 
11 C11     0.0211     4.3501    -0.9425 C 
12 H12     0.6334     4.8487    -0.1836 H 
13 H13     0.4381     4.5606    -1.9331 H 
14 H14    -1.0000     4.7431    -0.8939 H 
@<TRIPOS>BOND 
1 1 3 1 
2 1 5 1 
3 1 6 1 
4 1 9 1 
5 5 7 2 
6 6 8 2 
7 9 10 3 
8 10 11 1 
9 11 12 1 
10 11 13 1 
11 11 14 1 
 
Molecular view 
 
 
 
 
 
 
 
 
 
IR spectrum 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 icc1 
Coordinates 
# Title Card Required 
# Created by GaussView 3.09 
# 
 
# 
# 
 
@<TRIPOS>MOLECULE 
Molecule Name 
19 16 
SMALL 
NO_CHARGES 
 
 
@<TRIPOS>ATOM 
1 Re1     0.1104    -0.3678     0.2513 Re 
2 Br2    -2.5674    -0.4762    -0.4428 Br 
3 Br3     0.6740     1.1602    -2.0240 Br 
4 C4    -0.2097    -1.3282     1.8463 C 
5 C5     0.4189    -1.9993    -0.7767 C 
6 O6    -0.3901    -1.9286     2.8715 O 
7 O7     0.5908    -2.9882    -1.4123 O 
8 C8    -0.4354     1.4301     1.0547 C 
9 C9     2.0060    -0.1307     0.6343 C 
10 N10    -0.8110     2.4845     1.4581 N 
11 N11     3.1750     0.0283     0.8664 N 
12 C12    -1.4028     3.7434     1.7492 C 
13 H13    -2.3752     3.6034     2.2384 H 
14 H14    -0.7576     4.3320     2.4141 H 
15 H15    -1.5595     4.3084     0.8215 H 
16 C16     4.5686     0.2934     0.7887 C 
17 H17     5.0271     0.2753     1.7871 H 
18 H18     5.0764    -0.4582     0.1668 H 
19 H19     4.7534     1.2813     0.3425 H 
@<TRIPOS>BOND 
1 1 4 1 
2 1 5 1 
3 1 8 1 
4 1 9 1 
5 4 6 2 
6 5 7 2 
7 8 10 3 
8 9 11 2 
9 10 12 1 
10 11 16 1 
11 12 13 1 
12 12 14 1 
13 12 15 1 
14 16 17 1 
15 16 18 1 
16 16 19 1 
 
 
 
 
 
 
Molecular view 
 
 
 IR spectrum 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
icc2 
Coordinates 
# Title Card Required 
# Created by GaussView 3.09 
# 
 
# 
# 
 
@<TRIPOS>MOLECULE 
Molecule Name 
19 16 
SMALL 
NO_CHARGES 
 
 
@<TRIPOS>ATOM 
1 Re1    -0.0553    -0.2715    -0.2013 Re 
2 Br2     2.5665    -0.5256     0.1309 Br 
3 Br3    -0.7303     0.6490     2.2002 Br 
4 C4     0.2602    -0.8840    -2.0185 C 
5 C5    -0.2963    -2.0928     0.4904 C 
6 O6     0.4215    -1.2486    -3.1311 O 
7 O7    -0.4276    -3.1769     0.9297 O 
8 C8     0.3552     1.6950    -0.6513 C 
9 C9    -2.0008    -0.0874    -0.6425 C 
10 N10     0.6399     2.8251    -0.8471 N 
11 N11    -3.1528     0.0115    -0.9049 N 
12 C12     1.0461     4.1850    -1.0101 C 
13 H13     2.0138     4.2271    -1.5219 H 
14 H14     0.3054     4.7338    -1.6020 H 
15 H15     1.1427     4.6626    -0.0289 H 
16 C16    -4.5571     0.1101    -1.1438 C 
17 H17    -4.7448     0.5872    -2.1124 H 
18 H18    -5.0138    -0.8862    -1.1442 H 
19 H19    -5.0256     0.7125    -0.3569 H 
@<TRIPOS>BOND 
1 1 4 1 
2 1 5 1 
3 1 8 1 
4 1 9 1 
5 4 6 2 
6 5 7 2 
7 8 10 3 
8 9 11 3 
9 10 12 1 
10 11 16 1 
11 12 13 1 
12 12 14 1 
13 12 15 1 
14 16 17 1 
15 16 18 1 
16 16 19 1 
 
Molecular view 
 
 
 
 
IR spectrum 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
icc3 
Coordinates 
# ReIII (CO)2 Br2 (isopropL)2 ccc 
# Created by GaussView 3.09 
# 
 
# 
# 
 
@<TRIPOS>MOLECULE 
Molecule Name 
19 17 
SMALL 
NO_CHARGES 
 
 
@<TRIPOS>ATOM 
1 Re1     0.0087    -0.1978     0.0615 Re 
2 Br2    -2.4079    -1.0317    -0.1546 Br 
3 Br3     0.9953     0.9301    -1.9945 Br 
4 C4    -0.3469    -0.6695     1.9592 C 
5 C5     0.5349    -1.9734    -0.6695 C 
6 O6    -0.5351    -0.8935     3.0890 O 
7 O7     0.8343    -2.9991    -1.1349 O 
8 C8    -0.6770     1.7002     0.5385 C 
9 C9     1.8927    -0.1212     0.8287 C 
10 N10    -1.1080     2.7728     0.7520 N 
11 N11     2.9878    -0.0957     1.2555 N 
12 C12    -1.6530     4.0832     0.9775 C 
13 H13    -2.7289     4.0052     1.1632 H 
14 H14    -1.1683     4.5401     1.8461 H 
15 H15    -1.4811     4.7073     0.0951 H 
16 C16     4.3416    -0.0663     1.7396 C 
17 H17     4.3898     0.5018     2.6735 H 
18 H18     4.6918    -1.0890     1.9123 H 
19 H19     4.9814     0.4106     0.9896 H 
@<TRIPOS>BOND 
1 1 3 1 
2 1 4 1 
3 1 5 1 
4 1 8 1 
5 1 9 1 
6 4 6 2 
7 5 7 2 
8 8 10 3 
9 9 11 3 
10 10 12 1 
11 11 16 1 
12 12 13 1 
13 12 14 1 
14 12 15 1 
15 16 17 1 
16 16 18 1 
17 16 19 1 
 
Molecular view 
 
 
 
IR spectrum 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ict1 
Coordinates 
# Title Card Required 
# Created by GaussView 3.09 
# 
 
# 
# 
 
@<TRIPOS>MOLECULE 
Molecule Name 
19 16 
SMALL 
NO_CHARGES 
 
 
@<TRIPOS>ATOM 
1 Re1     0.0003     0.0010     0.5247 Re 
2 C2     0.0036     1.3655     1.8364 C 
3 C3    -0.0019    -1.3612     1.8389 C 
4 O4    -0.0031    -2.2162     2.6819 O 
5 O5     0.0056     2.2220     2.6779 O 
6 Br6    -0.0047    -1.9707    -1.4419 Br 
7 C7     2.0086    -0.0044     0.2879 C 
8 C8    -2.0083     0.0041     0.2897 C 
9 N9     3.1792    -0.0068     0.0690 N 
10 N10    -3.1791     0.0042     0.0717 N 
11 C11     4.5242    -0.0088    -0.3864 C 
12 H12     4.6166     0.5960    -1.2980 H 
13 H13     5.1936     0.4074     0.3778 H 
14 H14     4.8499    -1.0320    -0.6155 H 
15 C15    -4.5239     0.0005    -0.3845 C 
16 H16    -5.1888    -0.4383     0.3709 H 
17 H17    -4.8610     1.0242    -0.5934 H 
18 H18    -4.6091    -0.5873    -1.3078 H 
19 Br19     0.0031     1.9694    -1.4450 Br 
@<TRIPOS>BOND 
1 1 2 1 
2 1 3 1 
3 1 7 1 
4 1 8 1 
5 2 5 2 
6 3 4 2 
7 7 9 2 
8 8 10 2 
9 9 11 1 
10 10 15 1 
11 11 12 1 
12 11 13 1 
13 11 14 1 
14 15 16 1 
15 15 17 1 
16 15 18 1 
 
Molecular view 
 
 
 
IR spectrum 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ict2 
Coordinates 
# Re(CO)2Br2(isopropL)2cct 
# Created by GaussView 3.09 
# 
 
# 
# 
 
@<TRIPOS>MOLECULE 
Molecule Name 
19 16 
SMALL 
NO_CHARGES 
 
 
@<TRIPOS>ATOM 
1 Re1     0.0000     0.0001     0.4039 Re 
2 C2     0.1462    -1.3417     1.7886 C 
3 C3    -0.1460     1.3419     1.7885 C 
4 O4    -0.2675     2.1452     2.6484 O 
5 O5     0.2678    -2.1449     2.6484 O 
6 Br6     0.0814     2.0310    -1.3160 Br 
7 C7    -2.0355    -0.0025     0.2076 C 
8 C8     2.0355     0.0025     0.2073 C 
9 N9    -3.2040     0.0017     0.0315 N 
10 N10     3.2040    -0.0020     0.0311 N 
11 C11    -4.6042     0.0001    -0.2497 C 
12 H12    -4.8490    -0.8333    -0.9175 H 
13 H13    -5.1758    -0.1072     0.6788 H 
14 H14    -4.8882     0.9400    -0.7357 H 
15 C15     4.6043    -0.0007    -0.2498 C 
16 H16     5.1756     0.1098     0.6785 H 
17 H17     4.8888    -0.9420    -0.7328 H 
18 H18     4.8489     0.8307    -0.9201 H 
19 Br19    -0.0816    -2.0310    -1.3158 Br 
@<TRIPOS>BOND 
1 1 2 1 
2 1 3 1 
3 1 7 1 
4 1 8 1 
5 2 5 2 
6 3 4 2 
7 7 9 3 
8 8 10 3 
9 9 11 1 
10 10 15 1 
11 11 12 1 
12 11 13 1 
 
Molecular view 
 
 
 
 
 
 
IR spectrum 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ict3 
Coordinates 
# ReIII(CO)2Br2(isopropL)2 cct IR 
# Created by GaussView 3.09 
# 
 
# 
# 
 
@<TRIPOS>MOLECULE 
Molecule Name 
19 16 
SMALL 
NO_CHARGES 
 
 
@<TRIPOS>ATOM 
1 Re1    -0.0000     0.0000     0.2513 Re 
2 C2    -0.3938     1.2188     1.7358 C 
3 C3     0.3936    -1.2186     1.7359 C 
4 O4     0.6768    -1.9219     2.6252 O 
5 O5    -0.6771     1.9221     2.6250 O 
6 Br6    -0.2658    -2.2093    -1.0299 Br 
7 C7     2.0614    -0.0484     0.0297 C 
8 C8    -2.0615     0.0484     0.0296 C 
9 N9     3.2207    -0.0818    -0.1554 N 
10 N10    -3.2207     0.0817    -0.1556 N 
11 C11     4.6350    -0.1109    -0.4094 C 
12 H12     4.9104     0.7395    -1.0408 H 
13 H13     5.1795    -0.0538     0.5384 H 
14 H14     4.8945    -1.0435    -0.9207 H 
15 C15    -4.6350     0.1105    -0.4096 C 
16 H16    -5.1796     0.0091     0.5344 H 
17 H17    -4.9016     1.0617    -0.8813 H 
18 H18    -4.9034    -0.7147    -1.0764 H 
19 Br19     0.2659     2.2093    -1.0300 Br 
@<TRIPOS>BOND 
1 1 2 1 
2 1 3 1 
3 1 7 1 
4 1 8 1 
5 2 5 2 
6 3 4 2 
7 7 9 3 
8 8 10 3 
9 9 11 1 
10 10 15 1 
11 11 12 1 
12 11 13 1 
13 11 14 1 
14 15 16 1 
15 15 17 1 
16 15 18 1 
 
 
Molecular view 
 
 
IR spectrum 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Final product 
Coordinates 
# complex 4 ir 
# Created by GaussView 3.09 
# 
 
# 
# 
 
@<TRIPOS>MOLECULE 
Molecule Name 
24 22 
SMALL 
NO_CHARGES 
 
 
@<TRIPOS>ATOM 
1 Re1     0.0007    -0.2916    -0.3656 Re 
2 C2     0.0006    -0.6537    -2.2357 C 
3 C3     0.0038    -2.1989     0.0985 C 
4 O4     0.0056    -3.3450     0.3894 O 
5 O5     0.0004    -0.8714    -3.4101 O 
6 Br6     0.0006     0.3373     2.3162 Br 
7 C7    -2.0330    -0.2559    -0.2152 C 
8 C8    -0.0031     1.7502    -0.6439 C 
9 C9     2.0346    -0.2498    -0.2163 C 
10 N10    -3.2109    -0.2390    -0.0736 N 
11 N11    -0.0059     2.9295    -0.7641 N 
12 N12     3.2124    -0.2300    -0.0744 N 
13 C13    -4.6135    -0.2356     0.1852 C 
14 H14    -4.8702     0.5867     0.8633 H 
15 H15    -5.1741    -0.1129    -0.7489 H 
16 H16    -4.9129    -1.1804     0.6536 H 
17 C17    -0.0137     4.3545    -0.8333 C 
18 H18     0.9959     4.7299    -1.0365 H 
19 H19    -0.6816     4.6926    -1.6341 H 
20 H20    -0.3598     4.7740     0.1183 H 
21 C21     4.6154    -0.2203     0.1821 C 
22 H22     4.9640    -1.2334     0.4144 H 
23 H23     5.1616     0.1464    -0.6949 H 
24 H24     4.8376     0.4302     1.0360 H 
@<TRIPOS>BOND 
1 1 2 1 
2 1 3 1 
3 1 7 1 
4 1 8 1 
5 1 9 1 
6 2 5 2 
7 3 4 2 
8 7 10 3 
9 8 11 3 
10 9 12 3 
11 10 13 1 
12 11 17 1 
13 12 21 1 
14 13 14 1 
15 13 15 1 
16 13 16 1 
17 17 18 1 
18 17 19 1 
19 17 20 1 
20 21 22 1 
21 21 23 1 
22 21 24 1 
 
 
 
 
 
 
 
 
 
 
 
Molecular view 
 
 
IR spectrum 
 
 
 
